Objective: The aim of this study was to identify predictors of delayed endotracheal extubation defined as the need for postoperative ventilatory support after open thoracotomy for lung resection.
D
ELAYED POSTOPERATIVE EXTUBATION prolongs the duration of recovery, increases cost, and may augment postoperative morbidity. 1 Early extubation (defined as extubation in the operating room [OR] ) decreases resource utilization, improves patients' comfort, reduces morbidity related to mechanical ventilation, and possibly allows for early ambulation and rehabilitation. 2, 3 After thoracic procedures and especially after lung resection, an additional benefit of limiting positive-pressure mechanical ventilation may include reducing pressure stress on the lung tissue suture line, potentially decreasing postoperative air leak. [4] [5] [6] Identifying patients at risk for delayed extubation may allow clinicians to institute appropriate interventions perioperatively, which might in turn decrease the duration of postoperative ventilatory support and allow for more efficient resource allocation. The authors' objective was to identify preoperative variables associated with delayed postoperative extubation after thoracotomy for lung resection.
METHODS
The patient population consisted of 2,068 patients who had open lung resection surgery (pneumonectomy, lobectomy, or segmental lung resection) between January 1996 and December 2005. Preoperative demographic variables, comorbid conditions, laboratory values, and operative and outcome variables were collected concurrently with patient care by individuals trained in database management in the Department of Cardiothoracic Anesthesiology. Institutional review board approval was obtained to perform analyses from the department registry. Perioperative anesthetic care was not dictated by any specific protocol. Decisions about patient management were left to the discretion of the attending anesthesiologist with the goal to provide optimal surgical conditions and the ability to extubate at the end of the surgical procedure. However, it has been the authors' practice to initiate epidural catheters during the surgical procedure to achieve adequate analgesia at the time of emergence from general anesthesia.
Descriptive statistics were calculated for all key predictors and demographic variables. Continuous variables were described with median and 25th and 75th percentiles, with p values for tests of differences between the 2 groups (extubated in the OR v not extubated in the OR). Categoric variables were described with frequencies and percents, with p values for tests of differences between groups. Univariate analysis was performed with a chi-square test or Fisher exact test and Wilcoxon rank sum test where appropriate. Categoric outcomes in the two groups were compared with a chi-square test or Fisher exact test as appropriate.
Multivariable logistic regression was used to determine variables that were associated with postoperative ventilatory support. Risk factors were selected by using logistic regression with a stepwise variable selection procedure on 1,000 bootstrap resamples. A bagging algorithm was used to summarize the results. Entry criterion and stay criterion for the stepwise selection processes were 0.07 and 0.05, respectively. The final logistic regression models for the outcomes were built by using risk factors that appeared in 50% of all models from the bootstrap resamples. Table 1 presents a comparison of patients who were extubated in the OR versus those who arrived to a recovery area intubated, based on categoric preoperative and intraoperative variables. Pa-tients who were not extubated in the OR had more intraoperative red blood cell (RBC) transfusions, a history of preoperative stroke, lower use of thoracic epidural analgesia (TEA), and a higher rate of intraoperative use of lumbar epidural analgesia. A comparison of continuous variables is summarized in Table 2 . Patients who were not extubated in the OR had a lower preoperative forced expiratory volume in 1 second (FEV 1 ), lower forced vital capacity (FVC), lower preoperative hematocrit and albumin, and higher preoperative creatinine.
RESULTS
The median intubation time in the OR was 3.9 hours (with 25th and 75th percentile of 3.0 and 5.0 hours). The median postoperative intubation time (total intubation time minus the OR intubation time) was 7.93 hours, with the 25th percentile being 2.75 hours and the 75th percentile 20.67 hours for patients who were not extubated in the OR. Table 3 and Fig 1) .
DISCUSSION
Early postoperative extubation after lung resection is desirable because it saves medical resources and may help to avoid ventilator-related complications. 6 An ability to identify periop- erative modifiable predictors of delayed extubation may help clinicians design interventions to reduce postoperative ventilation time. However, identifying nonmodifiable predictors is also helpful because it allows patients to be risk stratified and facilitates appropriate allocation of clinical resources.
Patients with poor preoperative lung function had a higher incidence of postoperative morbidity including prolonged mechanical ventilation. 7 Lower preoperative FEV 1 is frequently considered a strong predictor of postoperative complications (including prolonged mechanical ventilation) after lung resection, 8 although it is not uniformly accepted as a predictor of postoperative cardiopulmonary complications. 6, [9] [10] [11] In the authors' patients, low preoperative FEV 1 was associated with greater odds of postoperative ventilation. However, it seems likely that lower FEV 1 is simply a marker for advanced lung disease, which would be difficult to correct with perioperative interventions. Recognizing the association between low FEV 1 and delayed postoperative extubation may nonetheless help allocate resources (ie, postoperative disposition recovery room v intensive care unit) to patients who are likely to require postoperative mechanical ventilation.
The present investigation showed that intraoperative RBC transfusion was strongly predictive of delayed extubation. The association of intraoperative RBC transfusion with postoperative intubation may well be related to the fact that RBC transfusion provokes a harmful inflammatory response that may contribute to lung injury. 12 However, it is more likely that higher requirements for intraoperative RBC are surrogates for more complex and technically difficult procedures, which themselves may adversely affect postoperative respiratory outcomes. 6 Furthermore, the need for RBC transfusion may indicate that patients suffer advanced comorbid conditions, which then prompts clinicians to use more liberal thresholds for the transfusion as compared with "healthier" patients.
Adequate pain control after thoracic surgery may improve ventilatory function (better expansion of the chest, deeper respiration, and stronger coughing), which contributes to a patient's readiness to be extubated. 13 For example, Bauer et al 14 showed that postoperative pain relief was better in patients randomized to TEA after lobectomy at rest and on coughing (as compared with intravenous morphine) and that there was less impairment of FVC and FEV 1 postoperatively. It is unknown if the same beneficial effect of TEA on FVC and FEV 1 can be achieved immediately at the end of the surgical procedure, but it is plausible to assume that reduction in pain and pain-related impairment of chest mechanics can facilitate earlier extubation.
Intraoperative activation of an epidural catheter also spares opioids, which presumably improves postoperative respiratory function. Consistent with this theory, the authors found that the use of TEA improved the odds of OR extubation in the present patients. Other methods of postoperative pain control after thoracotomy have been reported in the literature including paravertebral and intercostal blocks and interpleural and subarachnoid administration of drugs. Among these alternatives, paravertebral blocks appear to be the most effective alternative when epidural blocks cannot be performed. 15, 16 Thus, it seems likely that a paravertebral block would provide benefits similar to TEA.
Preoperative renal dysfunction is a well-recognized risk for increased morbidity after cardiac and thoracic surgery. 7 Renal impairment is considered by many as a marker of cardiovascular dysfunction and by itself can make perioperative fluid management more difficult, potentially affecting lung function after resection. 7 As might be expected, elevated preoperative creatinine was associated with delayed endotracheal extubation in the present patients.
The authors found that the volume of the surgical lung resection was a good predictor of delayed postoperative extubation (the more extensive the resection, the greater the chance for postoperative mechanical ventilation). However, it would be an oversimplification to assume that a larger volume of resected lung tissue alone predisposes to extended mechanical ventilation because in many cases the resected, diseased portion of the lung does not participate in respiratory function. That fact can explain why in the present analysis preoperative FEV 1 was strongly associated with the chance for postoperative ventilation without adjustment for the loss of lung function after resection.
Of course, extensive lung resection is also likely to be a surrogate for a more advanced and/or extensive disease process, which presumably contributes independently to postoperative respiratory morbidity. Clinicians must also consider that factors besides the extent of lung tissue removed account for the loss in respiratory function observed early after lung resection including impairment in chest wall compliance, accumulated bronchial secretions, bronchial hyperreactivity, microatelectasis, increased lung water content, diaphragmatic dysfunction, and reduced surfactant activity. 17, 18 The main limitation of the present analysis is its retrospective nature, which could not account for all variables, potentially affecting decisions of when to extubate the patient. Furthermore, patients in the present study represent a population treated over a period of 9 years; hence, changes in the practice could play a role in the decision regarding timing of extubation. And, finally, the authors were unable to analyze the association between predicted postoperative FEV 1 and delayed extubation, which might have been, as some suggest, a stronger predictor of postresection lung function than preoperative FEV 1 alone.
In summary, the authors found most predictors of delayed endotracheal extubation to be difficult to correct in the perioperative period. Lower FEV 1 , elevated preoperative creatinine, and intraoperative requirements for RBC transfusion may simply represent a more advanced underlying lung disease, advanced comorbid conditions, or technically more difficult surgical procedures. Recognizing the predictive importance of these factors may nonetheless help identify patients at risk for extended postoperative mechanical ventilation and help to allocate postoperative resources. In contrast, the use of TEA is a straightforward intervention that may reduce the odds of prolonged postoperative ventilation.
